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Abstract

The local-scale high-resolution atmospheric dispersion and dose assessment system
(LHADDAS) is a computational tool for building-resolving simulations of radioactive-
material atmospheric dispersion and gamma-ray dose assessment in nuclear facilities
and urban environments. We developed a graphical user interface for LHADDAS (GUI-
LHADDAS), which is a cross-platform desktop application. Built on the Electron
framework, GUI-LHADDAS integrates input preparation, simulation execution, and
three-dimensional (3D) geospatial visualization in a single workflow. The application
provides an interactive map-based environment using CesiumJsS, in which atmospheric
dispersion and dose-rate distributions are visualized along with 3D structures in the
geographic space. An illustrative example demonstrates that GUI-LHADDAS enables
intuitive visual interpretation of complex physical phenomena, including plume transport
through spaces between structures and dose-rate shadows produced by the gamma-ray
shielding effect of buildings. These phenomena are difficult to understand using
conventional text-based simulation outputs. LHADDAS usage was previously limited to
specialists because its workflow relied on command-line operations. GUI-LHADDAS
overcomes this barrier and extends the practical applicability of LHADDAS to emergency
response planning, nuclear safety assessment, and educational activities.
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1. Motivation and significance

In emergency response to accidental releases of radioactive materials from nuclear

facilities or to deliberate radiological dispersal in urban environments, reliable tools for

assessing radioactive-material atmospheric dispersion and gamma-ray dose are

essential. Simple dispersion models, such as the puff and Gaussian plume models [1],

are widely used for this purpose. However, at the local scale, i.e., within a few kilometers

of the release point, buildings and other structures generate complex turbulent flows.

These flows produce highly inhomogeneous distributions of airborne radioactive

materials, which cannot be adequately represented by such simple models. A similar
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challenge arises in dose assessment. Buildings shield gamma rays; therefore, accurate
dose-rate distributions cannot be obtained without considering the shielding effect.

To address these challenges, the Japan Atomic Energy Agency (JAEA) developed the
local-scale high-resolution atmospheric dispersion and dose assessment system
(LHADDAS) [2]. LHADDAS consists of three codes: a local-scale high-resolution
atmospheric dispersion model using large-eddy simulation (LOHDIM-LES) [3], real-time
urban dispersion model based on the lattice Boltzmann method (CityLBM) [4], and
simulation code powered by lattice dose-response functions (SIBYL) [5]. CityLBM is
primarily intended for real-time dispersion analysis using supercomputers and is not
coupled with SIBYL. Meanwhile, the combination of LOHDIM-LES and SIBYL enables
the integrated simulation of atmospheric dispersion and dose assessment: LOHDIM-LES
explicitly resolves building-induced turbulence to compute the dispersion of radioactive
materials, and SIBYL uses the dispersion results to compute the ground-level dose-rate
distribution for the selected gamma-ray emitting radionuclide. The supported nuclides
are 8Kr, 32Te, 31|, 32|, 133] 134Csg, 136Cs, and ¥’Cs. LOHDIM-LES and LHADDAS are
registered in the JAEA program and database retrieval system (PRODAS) [6] and are
available upon request. SIBYL is publicly available via a GitHub repository [7] under the
MIT License.

LHADDAS is developed for researchers in nuclear science, meteorology, and radiation
protection as well as organizations responsible for nuclear safety assessment and
radiological emergency preparedness. Further, it can be used by emergency responders
preparing for radiological dispersal scenarios in urban environments, wherein pre-event
consequence estimation and evacuation planning based on various release scenarios
are necessary.

Despite their capabilities, LOHDIM-LES and SIBYL are Fortran-based command-line
programs with proprietary text-based input and output formats. Simulation results are
provided as text files, and there is no built-in visualization capability. Further, the transfer
of output data from LOHDIM-LES to SIBYL must be performed manually. Consequently,
using these codes requires substantial expertise in computational science and radiation
engineering, establishing a practical barrier to adoption for emergency responders
associated with government agencies and private organizations.



Several emergency response systems offer graphical user interfaces but have physical
limitations at the local scale, as described below. RASCAL [8] and HotSpot [9] rely on
puff-based dispersion and Gaussian plume models. ARGOS [10] and JRODOS [11]
employ puff-based dispersion models supplemented with urban modules. However, they
adopt parameterized or empirical treatments of building effects rather than explicitly
modeling building-induced turbulence using large-eddy simulation. CT-Analyst [12]
models near-instantaneous local-scale dispersion using precomputed large-eddy
simulation databases but does not consider the gamma-ray shielding effect of buildings.
Although LHADDAS addresses these limitations, it lacks a graphical user interface,
hindering its practical use.

To overcome these barriers and enable emergency responders without computational
expertise to utilize LHADDAS, we developed GUI-LHADDAS, a graphical user interface
that integrates the input preparation, simulation execution, and interactive visualization
steps of LOHDIM-LES and SIBYL. By unifying these workflows in a single environment,
GUI-LHADDAS enables rapid and intuitive interpretation of coupled atmospheric
dispersion and dose assessment results for emergency preparedness and scenario
analysis. A detailed description of GUI-LHADDAS is provided in Section 2.

2. Software description

21. Software architecture:

GUI-LHADDAS is built on the Electron framework and has been verified to run on
Windows 11, macOS Sequoia 15.3, and Ubuntu 24.04. It is publicly available under the
MIT License via a GitHub repository [13], which provides the source code, prebuilt
application packages for each supported platform, and a user manual. Figure 1 shows
the overall software architecture of GUI-LHADDAS.
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Fig. 1. Software architecture of GUI-LHADDAS. The Electron framework-based
application comprises a renderer process implemented in React/TypeScript and main

Main process (Node.js)

File 1/0 manager ‘ | Process controller |

process implemented in Node.js. The processes communicate via inter-process
communication. The renderer process provides the graphical user interface with 3D
geospatial visualization using CesiumJS, and the main process manages file
input/output and the execution of LOHDIM-LES and SIBYL.

The application follows Electron's two-process model, which comprises renderer and
main processes that communicate via inter-process communication. The renderer
process, implemented in React/TypeScript, provides the user interface organized into
three panes: the map pane, map control pane, and simulation control pane. The map
pane uses CesiumJS to render simulation results in a three-dimensional (3D) geospatial
environment. The main process, implemented in Node.js, comprises a file input/output
manager, which handles file input and output operations, and a process controller, which
manages the execution of LOHDIM-LES [3] and SIBYL [5]. GUI-LHADDAS provides a
front end to operate these simulation codes, which are executed as external platform-
specific binaries.

Map tiles are retrieved from two sources and rendered in the map pane: GSI Maps [14],
a mapping service provided by the Geospatial Information Authority of Japan that covers
Japanese territory, and OpenStreetMap [15], a worldwide open map database released
under the Open Database License 1.0.



2.2 Software functionalities:
Figure 2 shows the main window of GUI-LHADDAS, with the map, map control, and
simulation control panes (A, B, and C, respectively).
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Fig. 2. Main window of GUI-LHADDAS comprising the (A) map, (B) map control, and (C)
simulation control panes. The release point of the radioactive material is indicated using
a red dot.

The map pane provides a 3D geospatial view of the target area. The view can be rotated,
panned, and zoomed using a mouse, allowing the user to inspect the scene from different
viewpoints. The computation domain, simulation grid, and building data are read from
the input files and rendered on the map, enabling visual verification of the simulation
configuration before execution. Once a simulation is performed, the atmospheric
concentration, surface deposition amount, and ground-level dose rate can be overlaid
on the map as color contours, allowing the user to directly inspect their spatial
distributions in the same geospatial environment.

The map control pane registers the geographic map with the computational coordinate
system. When the user specifies the latitude and longitude of the release point, the
geographic coordinates are linked with the corresponding grid coordinates of the
simulation code, enabling the aforementioned input and output data to be rendered at
their correct geographic positions. Any residual misalignment errors caused by



differences between the geographic map and computational grid coordinates can be
corrected through the map alignment function. The user can select GSI Maps or
OpenStreetMap as the map tile source and switch the interface language between
Japanese and English.

The simulation control pane comprises five tabs: settings, LOHDIM-LES input, SIBYL
input, calculation, and visualization. These tabs allow the user to control all stages of the
simulation workflow: configuration, input file generation, code execution, and result
visualization. Figure 3 shows the LOHDIM-LES input tab as an example. The simulation
parameters are organized hierarchically into basic and advanced settings. As values are
entered through GUI-LHADDAS, the type and range of each parameter are automatically
validated, and any invalid entry triggers a warning. This validation mechanism prevents
the generation of input files that would be rejected by the simulation code, drastically
improving the reliability of input file preparation. The SIBYL input tab provides identical
functionality.
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Fig. 3. LOHDIM-LES input tab of simulation control pane showing the basic (expanded)
and advanced (collapsed) settings.

Figure 4 shows the calculation tab, which controls the execution of LOHDIM-LES and
SIBYL. Each code can be independently enabled or disabled, allowing the user to
perform atmospheric dispersion and dose assessment individually or sequentially as a
full LHADDAS workflow. During execution, the total number of time steps specified in the
input file is displayed along with a progress bar. The visualization tab allows the user to
control the rendering of simulation results in the map pane, as depicted in Section 3 using
representative examples.
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Fig. 4. Calculation tab of the simulation control pane with toggles for enabling or disabling
the codes, the “START CALCULATION” button, and the progress bar.

3. lllustrative examples

This section discusses typical interactive workflows and visualization results in GUI-
LHADDAS for a representative atmospheric dispersion and dose assessment scenario
in an urban setting. The example uses simulation results from LOHDIM-LES and SIBYL
configured to replicate the Joint Urban 2003 atmospheric dispersion field experiment [16]
performed in the central business district of Oklahoma City. The LOHDIM-LES simulation
employs a 280 x 280 x 70 grid with a horizontal resolution of 4 m. Although the original
experiment used a nonradioactive tracer gas, the present demonstration assumes the
release of '¥’Cs for the subsequent dose-rate calculation by SIBYL. Additional details of
the calculation conditions are available in [3].

Figure 5 shows a visualization example of radioactive plume dispersion computed by
LOHDIM-LES using GUI-LHADDAS. The 3D concentration distribution of the airborne
radioactive material is rendered as a color-coded voxel field in the map pane overlaid on
the map and building geometry. The visualization tab in the simulation control pane
provides controls for independently enabling or disabling the three displayable quantities
(i.e., atmospheric concentration, surface deposition amount, and dose rate). Further, it
allows toggling between logarithmic and linear color scales and provides a time slider for
selecting any simulation time step. Moving the time slider updates map rendering
accordingly. The slice function reveals internal plume structures that would otherwise be
obscured by the outer rendered volume of the plume by displaying cross-sections along
the x, y, or z axis (Fig. 5 shows an x-axis slice). Together with the interactive time control,
these capabilities allow the user to trace plume transport through the surrounding street
canyons and inspect the 3D structure of atmospheric concentration.



Fig. 5. Visualization of the three-dimensional distribution of '’Cs atmospheric
concentration over the central business district of Oklahoma City computed by LOHDIM-
LES. The map pane shows the concentration on a logarithmic color scale, with buildings
in gray and an x-axis slice revealing the internal plume structure.

Figure 6 shows a visualization example of the ground-level dose-rate distribution
computed by SIBYL using the same LOHDIM-LES output as that shown in Fig. 5.
Activating the dose-rate toggle in the visualization tab renders the distribution as a two-
dimensional color map in the map pane. Because gamma rays emitted from '*’Cs can
propagate over long distances in air, the dose rate is high even in regions where the
plume itself has not reached owing to contributions from surrounding radioactive
materials. Buildings attenuate gamma rays and produce low-dose-rate regions behind
them due to their shielding effect. In Fig. 6, a high-dose-rate region spreads downwind
from the release point, and distinct low-dose-rate regions appear behind high-rise
buildings. Hovering the mouse cursor over the map pane displays the dose rate at the
corresponding grid cell as a tooltip.
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Fig. 6. Visualization of the ground-level dose-rate distribution computed by SIBYL using
the LOHDIM-LES output shown in Fig. 5. The map pane shows the dose rate on a
logarithmic color scale, with low-dose-rate regions visible behind buildings.

GUI-LHADDAS presents the three-dimensional dispersion field from LOHDIM-LES and
the ground-surface dose-rate distribution from SIBYL within a single interactive
geospatial environment, enabling users to intuitively examine the spatial relationship
between atmospheric dispersion and radiation dose, including shielding effects caused
by urban structures.

4. Impact

GUI-LHADDAS allows the systematic and practical exploration of diverse radioactive
scenarios using LHADDAS. Sensitivity analyses involving variations in the release point,
source term, or meteorological conditions can be repeatedly performed without
cumbersome editing of input files. This capability can support diverse studies, including
pre-event consequence estimation for hypothetical releases from nuclear facilities,
contingency planning under deliberate radiological dispersal in urban areas, and rapid
post-event analysis of actual incidents. The intuitive interface and 3D visualization
features make GUI-LHADDAS an educational tool for nuclear emergency response
training and university teaching.
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The physical validity of the LOHDIM-LES and SIBYL codes has been demonstrated in
various studies [2, 3, 5]. However, using these high-resolution simulation codes in actual
research requires substantial time for peripheral tasks such as editing input and output
files, transferring data between the two codes, and visualizing the results. GUI-
LHADDAS consolidates these operations in a single integrated environment, allowing
researchers to focus on analysis. The built-in validation of input parameters by type and
range prevents data-entry errors, enhancing simulation reliability. In particular, the
simultaneous rendering of atmospheric concentration, surface deposition amount,
ground-level dose rate, and building geometry in a 3D geospatial environment enables
the intuitive interpretation of physical phenomena that are difficult to discern when using
text-based outputs. Examples include plume meandering and retention within street
canyons as well as dose-rate “shadows” produced by the gamma-ray shielding effect of
buildings.

Several institutions have expressed interest in adopting LHADDAS, but its limited
usability due to the requirement of expertise has been a major barrier to practical
deployment. GUI-LHADDAS overcomes this barrier and enables government agencies,
nuclear operators, and emergency response planners to investigate diverse release
scenarios, without relying on external expertise. The availability of prebuilt packages for
Windows, macOS, and Linux further facilitates the deployment of the software within
organizations.

5. Conclusions

We have presented GUI-LHADDAS, a cross-platform desktop application that provides
an integrated graphical environment for LHADDAS. By unifying input preparation,
simulation execution, and 3D visualization of the LOHDIM-LES and SIBYL codes within
a single workflow, GUI-LHADDAS extends the practical reach of LHADDAS beyond
computational specialists to government agencies, nuclear operators, and emergency
response planners. An illustrative example demonstrates the visualization capability of
GUI-LHADDAS, delineating plume transport through spaces between structures and
dose-rate “shadows” produced by gamma-ray shielding, which are difficult to identify

from conventional text-based simulation outputs.

Future work will include broader outreach of the application for nuclear emergency
preparedness and integration into emergency response training programs. As an open-
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source project, GUI-LHADDAS also welcomes community contributions, including

functional extensions and applications to new domains.

Declaration of generative Al and Al-assisted technologies in the manuscript
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